Objective: To determine the efficacy of interventions, delivered by geriatrics-trained staff for nursing home residents, in reducing hospitalisation. Methods: Multiple databases and clinical trial registers were searched. Studies that provided comparative data and involved residents aged ≥65 years evaluating patient-level interventions delivered by geriatrics-trained staff were included. The systematic review protocol was made available on PROSPERO (registration number CRD42017079928; www.crd.york.ac.uk/PROSPERO). Results: Sixteen studies were included; six were randomised controlled trials. Studies were categorised according to intervention approaches into the following: (i) hospital prevention program; (ii) emergency department-based hospital avoidance program; and (iii) post-hospital supported discharge program. The Grading of Recommendations, Assessment, Development and Evaluation (GRADE) quality of evidence was low to moderate. Most studies demonstrated a favourable trend; however, only a few reported statistically significant reductions in hospitalisations. Results from the randomised studies were non-significant. Conclusions: Despite the heterogeneity of studies, there is limited evidence that interventions delivered by geriatricstrained staff reduce hospitalisations in nursing home residents. Further work examining decision-making around hospital transfer may help inform future intervention design.
Introduction
For older people, hospitalisation can be associated with functional decline and other adverse outcomes, such as delirium, falls and infection [1] . Nursing home residents are particularly at risk due to frailty, multimorbidity and the possible presence of cognitive impairment. Arendts et al. [2] found that patients from residential care made up to 2% of all presentations to the emergency department (ED). In at least 40% of these presentations, the residents were discharged back to the facility without admission to inpatient wards [2] . These potentially avoidable hospitalisations not only are costly to the health system, but can also expose residents to complications and reduced quality of life [3, 4] . Scarcity of resources within the health-care sector has resulted in the development of a number of initiatives across the world designed to reduce the risk of hospitalisation of nursing home residents. Approaches such as quality assurance programs, outreach programs and development of guidelines to identify at-risk patients and manage acute illnesses within the facility are amongst those which have been trialled. A systematic review by Graverholt et al. [5] assessed the effect of interventions to reduce acute hospitalisations from nursing homes. The review included 11 studies, and the quality of evidence was assessed as being low or very low. Only two studies [6, 7] involved interventions provided by health professionals with expertise in geriatric medicine, and both of these studies found there were fewer hospitalisations in the intervention group. Since the publication of the review by Graverholt et al., further relevant studies have been conducted.
The aim of this systematic review was to assess the efficacy of interventions delivered by staff with geriatric medicine expertise that involve direct patient care (rather than organisational improvement programs), in reducing the hospitalisation of nursing home residents.
Methods
The protocol for this systematic review was developed in advance and is available on PROSPERO (CRD42017079928; http://www.crd.york.ac.uk/PROSPERO/display_record. php?ID=CRD42017079928).
Eligibility criteria
Types of studies: Given the relatively few randomised controlled trials (RCTs) in this area and the nature of the intervention in which randomisation can be challenging, we included quantitative studies of all designs, which compared an intervention with usual care or an alternative intervention. Where insufficient data were provided, authors were contacted to obtain further information.
Types of participants: Long-term nursing home residents where at least 80% of study participants were aged 65 years or older.
Types of intervention: Patient-level intervention was defined as any intervention directed towards nursing home residents which focused on managing their health and/or well-being (as opposed to system-level interventions such as staff training or quality assurance programs). Interventions that involved a combination of patient-level and system-level interventions were included. In order to be eligible for inclusion, the intervention needed to involve care provided by a health professional specialising in geriatric medicine (i.e. consultant, registrar or aged caretrained nurse/allied health professional).
Types of outcomes:
The primary outcome measure in this review was the difference in the rates of hospitalisation (such as ED presentation, hospital admission or readmission) between the intervention and control groups. The secondary outcomes were (i) mortality; (ii) adverse events; (iii) health service use; (iv) quality of life; and (v) cost.
Search strategy
The following databases were searched in November 2017: Cochrane Central Register of Controlled Trials (CENTRAL), CINAHL, MEDLINE, EMBASE and PsycINFO. The search strategy is provided in Appendix S1 (Supporting information). The search was limited to publications from 2010 onwards to reflect more contemporary literature. Reference lists of each included study were screened for additional relevant literatures. There were no language restrictions, and non-English studies were translated where possible.
Clinical trial registries (ClinicalTrials.gov, ISRCTN Registry and WHO International Clinical Trials Registry) were also searched to identify relevant ongoing studies.
Selection of studies
Titles and abstracts were screened by two authors independently (ES and KL or TT). Full texts were also assessed by two authors independently. Any conflicts were resolved by reaching the consensus of all three authors.
Data extraction and analysis
The following information was extracted from each included study: study design, population and setting, type of intervention, comparator and outcomes. We planned to pool studies in a meta-analysis using a random-effects model if there was sufficient homogeneity in terms of population, intervention, comparator and outcome; however, the types of study included in our review were diverse. Where studies were similar enough to justify meta-analysis, the data required were not reported in a format appropriate for pooling. Therefore, narrative descriptions of the study results are provided. Grading of Recommendations, Assessment, Development and Evaluation (GRADE; http:// www.gradeworkinggroup.org/) was used to assess the quality of the body of evidence in the included RCTs based on risk of bias, imprecision, inconsistency and indirectness.
Risk of bias assessment
Risk of bias within RCTs was assessed using the Cochrane Risk of Bias Tool [8] . For other types of studies, the Joanna Briggs Institute Critical Appraisal Checklists (http://joannab riggs.org/research/critical-appraisal-tools.html) were used. Assessment was completed by two reviewers independently with any disagreement being resolved by the third reviewer.
Results

Study selection
A total of 9357 citations were identified from the search of databases. After the removal of duplicates and initial screening, 105 full-text articles were assessed for eligibility. Sixteen studies met our inclusion criteria and were included in the review (Figure 1 ). Four conference abstracts [9] [10] [11] [12] described studies, which appeared to meet our inclusion criteria, however were lacking in detail. Authors were unable to provide more information; therefore, these studies are not described further in the results below. A table of excluded studies and reason for exclusion is available in Appendix S2 (Supporting information). The search of the clinical trial registries identified 1238 studies; however, only five of these studies were potentially relevant. A list of ongoing studies is provided in Appendix S3 (Supporting information).
Characteristics of included studies
The 16 included studies involved an estimated total of over 7400 patients who were predominantly female (approximately 69%) with a mean age of 84 years. The majority of the studies were conducted in Australia (six studies), whilst the rest were conducted in New Zealand (two studies), the United States (two studies), Canada, Austria, Denmark, Spain, Israel and Taiwan (one study each).
We categorised the intervention programs into three primary approaches:
1 Prevention approach (nine studies): Interventions applied in the nursing home to prevent hospitalisation of residents. 2 Emergency department-based hospital avoidance (three studies): Interventions targeting nursing home residents presenting to the ED to facilitate early discharge and avoid hospitalisation. 3 Post-hospital supported discharge (two studies): Interventions designed to support residents following hospital admission.
Two additional studies did not fit into the above categories. Hutchinson et al. [13] evaluated a combination of prevention, hospital avoidance and a supported discharge program, where patient referrals were received from multiple different sources (hospital staff, nursing home staff, general practitioner (GP) or ED). Street et al. [14] presented populationlevel data following the implementation of the Residential In-Reach program where telephone advice was provided by a nurse when patients were unwell and visits arranged as required by a geriatrician. The detailed characteristics of each study are presented in Table 1 .
Prevention approach
Eight of the nine studies in this category involved care provided by a nurse [6, 7, [15] [16] [17] [18] [19] [20] , and seven studies involved either a physician or geriatrician [6, 7, 16, [18] [19] [20] [21] . Allied health personnel were involved in four studies [6, 16, 18, 21] . The majority of interventions involved either direct review of patients, telephone (or telemedicine) support or comprehensive geriatric assessment. Other components of interventions commonly applied included medication review, case discussion in multidisciplinary meetings and development of guidelines for the management of acute illnesses in the facility. Education and training of staff were also incorporated in four studies [6, 7, 16, 17] .
Within this group of studies, three studies involved distinct interventions and/or populations. Frankenthal et al. [21] assessed the efficacy of a pharmacist medication review using the Screening Tool of Older Person's Prescriptions/ Screening Tool to Alert doctors to Right Treatment tool. Boockvar et al. [19] evaluated the efficacy of a delirium prevention program Hospital Elder Life Program-LongTerm Care (HELP-LTC) in unwell patients, whilst Wu et al. [18] integrated regular multidisciplinary input for severely disabled patients (with a Barthel Index score of zero) where the majority of patients were receiving tube feeding.
Details of the nature of intervention for each of these studies are provided in Table 2 .
Emergency department-based hospital avoidance All three studies in this group offered a program which allowed residents to be discharged from the ED and receive treatment in the nursing home. This involved nursing staff providing care for intravenous therapy or other nursing care such as wound care, catheter management and medication administration. Other interventions offered included palliative support, behaviour management and staff education. One study [22] also included a geriatrician or registrar as well as an allied health team.
Records idenƟfied through database searching n = 9357
Full-text arƟcles excluded with reasons n = 89
Records screened aŌer removal of duplicates n = 6505
Full-text arƟcles assessed for eligibility n = 105
Studies included in synthesis n = 16
Records excluded n = 6400 Screening S a n t o s a p u t r i E , L a v e r K , T o T Post-hospital supported discharge In this group of two studies, one evaluated the efficacy of geriatrician and nurse review in the facility and the development of a comprehensive tailored care plan following hospital admission [23] ; the other assessed the efficacy of a tailor-made intervention compared to a standardised rehabilitation program following admission due to hip fracture [24] .
Included
e r i a t r i c s i n t e r v e n t i o n s i n n u r s i n g h o m e r e s i d e n t s
Methodological quality and risk of bias
The details of the risk of bias of the included studies are provided in Figure 2 (for the RCTs) and in Appendix S4 (Supporting information) (for studies of other designs). The quality of evidence (based on the RCTs) was assessed using the GRADE approach [8] for hospitalisation and mortality outcomes. GRADE evidence profiles are presented in Appendix S5 (Supporting information).
Effects of intervention
A detailed summary of results for all outcomes is presented in Appendix S6 (Supporting information).
Hospitalisation
Prevention approach. Of the nine studies included, only two studies reported statistically significant benefits. One study reported fewer hospital admissions when patients received care from a mobile geriatric service providing advice and education (6.1 vs 11.7 per 100 residents per month, P < 0.01) [7] . Secondly, in a group of acutely ill residents, a delirium prevention program (HELP-LTC) was also shown to reduce the rate of ED presentations (0.45 vs 0.93 per person at 1 year, P < 0.001) [19] . Of the remaining studies in this prevention category, six studies reported positive trends in reducing the rate of ED transfer and hospitalisation in the intervention group. However, five of these results were found to be non-significant [15] [16] [17] [18] 20] and one study [6] did not present information about statistical significance. An RCT conducted by Frankenthal et al. [21] did not show any improvement in the mean hospitalisation following medication review by a pharmacist (0.5 vs 0.5, P = 0.1 at 12 months).
Emergency department-based hospital avoidance. Of the three studies included in this category, only one study found a significant reduction in the rate of hospitalisation (26.29 vs 42.65 per 1000 resident beds at three months, P < 0.0001) and ED presentations (23.98 vs 46.33 per 1000 resident beds at 1 year, P < 0.0001) [25] . The remaining two studies failed to identify a reduction in rehospitalisation rate [22, 26] .
Post-hospital supported discharge. The two studies in this group demonstrated different outcomes. The first study found no significant difference in hospital readmissions at six months despite geriatrician and nurse follow-up of residents post-hospital discharge [23] . In the post-hip fracture population, Gregersen et al.
[24] demonstrated a 
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lower hospital readmission rate at 90 days when residents were followed up with the tailor-made intervention as opposed to the standardised follow-up program (14% vs 26%, OR 0.47, confidence interval (CI) 0.23-0.94).
Additional studies. Intervention combining prevention, hospital avoidance and supported discharge program was shown to reduce the mean ED presentation (1.71 vs 1.99 per patient) and mean hospital admission by 0.52 admissions per patient per year [13] . Finally, following the implementation of the Residential In-Reach program in an outer metropolitan health service in Melbourne, a retrospective cohort study showed a statistically significant reduction in the number of ED presentations (2051 vs 2278, P < 0.001) and the proportion of people with multiple visits (15% vs 27%, P < 0.001) at six months [14] .
Mortality
Prevention approach. Three studies evaluated mortality. Two studies reported no significant difference between groups in mortality [7, 16] . One of them was the highquality cluster RCT conducted by Connolly et al. [16] involving gerontology nurse specialist review of residents, multidisciplinary meetings and education. Boockvar et al. [19] reported reduced mortality during acute illness or within three months of discharge from the HELP-LTC program (11% vs 15%); however, the details of statistical significance were not reported.
Emergency department-based hospital avoidance. Only one study [22] evaluated mortality, and they found no difference between groups both at discharge and at six months.
Post-hospital supported discharge. There was no difference in six-month mortality between those receiving a supported discharge program and usual care [23] . Amongst residents with hip fractures [24] , the tailored intervention reduced the 30-day mortality compared with standardised rehabilitation program (8% vs 19%, OR 0.42, CI 0.18-0.97); however, it did not show any difference in the 90-day mortality (81% vs 73%, OR 0.72, CI 0.37-1.4).
Adverse events
Two studies involving a prevention approach reported no significant difference in the number of adverse events between groups, namely the number of falls [21] and the rate of developing pneumonia or urinary tract infection [18] . In the ED-based hospital avoidance group, one study [22] reported that six out of the 95 patients enrolled in the Hospital in the Home program developed complications, which required transfer back to the hospital. These were due to newly diagnosed brain tumour, acute renal failure, recurrent pulmonary embolus and large bowel obstruction.
Health service use
In the studies involving a prevention approach, two studies described no significant reduction in various health service use measures, including number of inpatient bed days [16] as well as number of elective admissions and outpatient appointments [7] . On the other hand, the Residential InReach program [14] and the ED-based hospital avoidance intervention [22, 26] were shown to significantly reduce the hospital length of stay. One study in the post-hospital supported discharge group showed a reduction in the outpatient clinic use although it did not affect the mean total bed days per patient [23] . The combination of an intervention approach and an ED-based hospital avoidance program also showed a positive trend in reducing length of stay and total annual bed days; however, its statistical significance was not reported [13] .
Quality of life
Only one study [21] assessed quality of life and did not find any significant difference following an intervention involving a medication review by pharmacists.
Cost
Several studies attempted to evaluate cost and estimated savings. Lacny et al. [15] analysed the cost-effectiveness of a nurse practitioner-family physician model; however, due to uncertainty around the distribution of costs and effects, a definitive conclusion was unable to be drawn. One study estimated cost savings of US$120 000 per nursing home per year with the use of telemedicine [20] . Likewise, a preventative approach involving a multicomponent geriatrics intervention demonstrated an avoided cost of 446 621 € [21] .
Discussion
This study aimed to assess the efficacy of interventions delivered by staff with geriatrics expertise in reducing hospitalisations in nursing home residents. We identified sixteen studies that met our inclusion criteria. Initially, we intended to identify studies involving patient-level interventions in nursing home residents; however, we found that the majority of the included studies involved mixed (patient level and system level) interventions, the most common system-level intervention being staff education and training.
The studies involving a prevention approach were the most widely evaluated. Although the majority of the studies reported reductions in hospitalisations (in the form of either ED presentations or hospital admissions), only six studies reported statistically significant findings, of which none were RCTs. The diversity of interventions evaluated in these studies is noteworthy. Three studies [7, 13, 14] described similar interventions whereby nursing home visits, telephone advice and advance care planning were applied. Differences between these studies included the ability to administer parenteral infusion and perform investigations or procedures in one study [7] ; provision of staff education in two studies [7, 14] ; and palliative care consultation, care coordination and referral to Hospital in the Home in one study [13] . In terms of methodology, Street et al. [14] described results according to a population analysis, and Schippinger et al. [7] selected a particular nursing home as their intervention group, whilst the intervention group in Hutchinson's study [13] was originated from referrals sent by GP, hospital staff, nursing home staff, ED and ambulance. On the other hand, another study [19] utilised a certified nursing assistant to implement HELP-LTC to residents who were acutely unwell and were at risk of delirium.
Within the studies evaluating an ED-based hospital avoidance program, only one [25] out of three studies [22, 25, 26] showed a significant reduction in hospitalisation despite each delivering similar interventions where hospital admissions were avoided by delivering care in the nursing home and providing staff education. In a study conducted in people with hip fracture, Gregersen et al. [24] found that a post-discharge rehabilitation program tailored to individuals' specific needs was shown to reduce hospitalisation compared to standardised rehabilitation program, although it must be noted that in the intervention group treatments such as blood transfusions, intravenous therapy and antibiotics were able to be administered in the nursing home, unlike in the control group where patients had to be transferred to hospital for this. When we considered the results of the six RCTs included within this review, we found that they were unable to demonstrate significant reductions in hospitalisation. The quality of evidence according to GRADE was considered low to moderate (Appendix S5, Supporting information).
When we examined mortality rate, five studies [7, 16, 19, 22, 23] out of the six that evaluated mortality did not demonstrate any significant difference between groups. However, Gregersen et al. [25] found a significant reduction in the 30-day mortality following a tailor-made rehabilitation program post-hip fractures. The quality of the two RCTs evaluating mortality outcome was considered moderate [24] and high [17] . Furthermore, few studies reported data on adverse events, cost, health service use and quality of life and the results were variable.
This review highlights the complexity of studying this area given the multicomponent nature of the interventions applied. Data from qualitative interviews reveal that some of the factors influencing the decision to transfer residents to hospital include staffing and skill mix in the nursing homes, treatment options available in the facility, end-oflife decision-making, communication and bureaucratic requirements [27] . This multifactorial association means that a multicomponent intervention is likely to be more effective than a single-component intervention. Several studies included in our review targeted more than one of these factors and showed a positive trend in reducing hospitalisation, yet statistical significance was variable.
Previous systematic reviews have shown that single-component interventions such as medication reviews have not been shown to reduce hospitalisation [28] . On the other hand, advance care planning seems to be effective although it is difficult to identify the superiority of one type of intervention over another given the heterogeneity of interventions [29] . In our review, not all studies that included advance care planning as part of their intervention were effective in reducing hospitalisation. Nevertheless, these findings do not minimise the importance of medication review and advance care planning in this population.
Similarly, other approaches to preventing hospitalisation have also been shown to have potential benefits. The utilisation of nurse practitioners to work in cooperation with primary care physicians, such as the Evercare program [30] , has been shown to be effective in reducing hospitalisation [31] . Similarly, a number of emergency medicine-led programs such as Aged Care Emergency [32] and Comprehensive Aged Residents Emergency and Partners in Assessment Care and Treatment [33] have shown some promising results. The ongoing research involving the Geriatric Emergency Department Intervention also aims to improve the quality of care of frail older people by facilitating a comprehensive assessment and early discharge from ED [34] .
Whilst it is widely accepted that hospitalisation in older people can be associated with poor outcomes, the question of how many can be avoided has been subject to debate given various definitions of 'avoidable' hospitalisation. It has been shown that out of the emergency visits that were previously labelled as potentially avoidable (due to being triaged as less/non-urgent and returned to nursing home without admission), residents often had diagnostic imaging or blood work which could not otherwise have been performed in the nursing home, implying that the actual rate of avoidable hospitalisation may actually be lower than previously reported [35] .
The factors influencing decisions of when residents should be transferred to hospitals are complex and interrelated. This complexity means that different researchers may target different factors with their intervention; hence, finding more than one study evaluating a similar type of intervention can be challenging.
This review is the first, that we know of, to evaluate the efficacy of a geriatrics-focused intervention in reducing hospitalisations. We found that there is limited evidence that interventions delivered by staff with geriatrics expertise reduce hospitalisation amongst nursing home residents. Similarly, there is also very limited evidence about the impact on mortality, adverse events, cost, health service use and quality of life, largely owing to the small number of studies assessing these outcomes. The significance of this review's finding is constrained due to heterogeneity in the study designs and outcomes as well as the difficulty in obtaining further information from the authors, making it impossible for meta-analysis to be performed.
Limitations
A number of limitations were noted in this review. Given the variety of interventions applied and lack of a consensus word or phrase to describe each intervention, search terms were built based on population and outcome instead of intervention. It was then up to the reviewers' judgement to decide whether the intervention described in each study fulfilled our inclusion criteria. In particular, as most of the studies included nurses as the care provider, we found that there was a lack of description of the level of geriatric training they received. We acknowledge that there is always a possibility of missing relevant studies due to the complexity of the literature and inconsistent indexing of articles. Some interventions were not primarily designed to reduce hospitalisation; rather, they described hospitalisation as a secondary outcome or adverse effect [18, 19, 21] . Some studies also evaluated a specific population type, that is post-hip fractures [24] or residents with very poor activities of daily living function [18] , limiting the applicability of the interventions in the wider population. Whilst it is generally accepted that RCTs are considered 'gold standard', recruitment, randomisation, and blinding can be difficult for this population and intervention type. Whilst few included studies were RCTs, some were cluster RCTs, which also have their own limitations such as clustering bias or dependence between individual units sampled. The majority of studies included were non-randomised studies, and whilst they may reflect real-life data, they are lowquality studies and overall weaken the quality of evidence included within this review.
Conclusions
This review provides important evidence in identifying gaps in this field. We found that although most included studies reported a positive trend in reduction of hospitalisation, only a handful were statistically significant and all randomised controlled studies reported no difference in hospitalisation. The applicability of this review is limited by the lack of robust studies and replication of intervention. Further welldesigned and rigorous studies are warranted to identify which of the multicomponent interventions are effective in reducing hospitalisation in the older residents and which population subgroup would benefit the most. Research focusing on identifying the interrelationship between the trigger points of the decision behind the necessity of hospital transfer may provide more insight into specific targets that need to be addressed in the intervention.
